As bridges connecting seaports and their hinterland, dry ports serve to expand the hinterland and increase cargo sources of seaports, rendering efficient international logistics circulation in hinterland areas possible. The roles of dry ports have attracted increasing attention from various ocean shipping countries. Seaports and dry ports possess complementary functions and increasingly close interactions. The paper builds an assessment indicator system on correlations between seaports and dry ports and a two-stage grey relational analysis (GRA) method through collating dry port-related literature to facilitate quantitative studies on the correlations between seaports and dry ports, namely, using two quantitative indicators of Deng's correlation and absolute correlation to assess and determine the correlations in the development of seaports and dry ports. The paper then carries out case studies on Xiamen Port and its six dry ports to verify the effectiveness of the method and model in the paper. The study results show that Xiamen Port has very high region-varying correlations with its hinterland dry ports. Dry port development not only depends on their shipment volume indicators, but also significantly correlated with their economic indicators, and the hinterland economic indicators become key factors driving the fast development of a seaport. The analyzing method in the paper is conducive for government departments and relevant stakeholders to formulate superior policies and provide theoretical bases for the development of correlations between seaports and their dry ports.
Introduction
A coastal seaport, through establishing supporting dry ports in its inland areas, can extend shipping logistics services to its economic hinterland, which can not only bring more cargo sources to the seaport, but also indirectly expand its capacity. The cooperation between a seaport and its dry ports can provide a fast sea-going channel for hinterland areas, being a key to accelerate development of hinterlandbased logistics services. Dry ports can well solve seaports' insufficient reserved land areas [1] and act as inland logistic connectors between railways and seaports [2] . Boosted by global economic integration and inland-oriented logistics services, seaports, and dry ports enjoy increasingly closer ties. Therefore, it is necessary to establish an indicator system to assess the correlations between seaports and dry ports and carry out studies on their correlations, so as to further promote their cooperation.
Dry ports, as part of seaports' logistics services, play a key role in seaport-related supply chains and connect seaports with its hinterland to form an integral network system (see Figure 1 ). In the figure, seaports, acting as the starting point of waterborne transportation, interact with dry ports. Hinterland areas transport cargos via roads, while dry ports play a key role to connect seaports and hinterland areas to collect inland cargos and dispatch them to seaports for ocean shipping. The paper aims to study the correlations between seaports and dry ports.
The remainder of the paper is organized as follows. Following a relevant literature review, knowledge gaps are identified in Section 2. Section 3 of this paper establishes an assessment indicator system on correlations between a seaport and its dry ports and uses the two-stage GRA method for the quantitative study on correlations between a seaport and its dry ports. Section 4 provides case studies on Xiamen Port and its six dry ports, using Deng's correlation and absolute correlation as the bases for the assessment, with superior policies proposed for developing a seaport and its dry ports. A summary and prospect are given at the end of the paper.
Literature Review
The correlations between a seaport and its dry ports in global maritime transportation have long been a focus in the international shipping community. A number of previous studies have addressed the correlations of global maritime transportation, with a summary of these academic works presented below. Much existing academic research has been focusing on a dry port's connotation and its site selection as well as the correlations between a seaport and its dry ports. Researchers have not yet reached a consensus regarding a dry port's connotation. One opinion holds that a dry port is a measure to solve the lack of reserved land areas at a seaport [1] . Some other scholars hold that a dry port is just a logistic point [14] . Another representative opinion holds that a dry port is the transfer of a container seaport's gate to its inland area and the dry port is a part of the seaport [15, 16] .
Another key issue in seaport and dry port study is a dry port's site selection, in which large numbers of mathematical methods are used, including principal component analysis (PCA) [17] , factor analysis [18] , analytic hierarchy process (AHP) [19] [20] [21] [22] [23] , and fuzzy clustering method [24] [25] [26] [27] [28] [29] . Among these methods, the fuzzy clustering method is most widely used, and a representative is Zhang's study on the site selection among 34 dry port candidate sites by using Cmeans fuzzy clustering [24] . Zeng and Wang qualitatively selected cargo source cities as objects for research and used the systematic fuzzy clustering method for dry ports' site distribution and hierarchy classification [26] . Zhang and Han conducted clustering analysis on the seaport's 78 prefecture-level hinterland cities against the industry transfer background and shortlisted 17 cities for dry port construction [28] .
Different scholars have studied on the correlations between seaports and dry ports from different perspectives, but they did not conduct quantitative analyses. The aspects of their studies include transportation costs and profits [12, [30] [31] [32] [33] , port productivity [30, 32] , environmental quality [12, 31, 33] , port investment [34] , port scale [35] [36] [37] , capacity of combined transport systems [35, 38] , and consumption level in the region [32] . These indicators have played varied roles for studying correlations between seaports and dry ports, but a correlation assessment indicator system fails to be established, and quantitative study on correlations remains absent.
In summary, relevant literature to date mainly covers a dry port's connotation, its site selection, and the correlations between seaports and dry ports. However, not much quantitative research has been conducted on the correlations between seaports and dry ports, and relevant selected assessment indicator systems are not proper enough; namely, there is no appropriate quantitative assessment method available. Therefore, this paper aims to solve three issues: (1) improve the seaport and dry port interaction indicator system, (2) establish a quantitative analyzing tool for studying correlations between seaports and dry ports, two-stage GRA method, and (3) put forward relevant policies for joint development of seaports and dry ports to promote interactive development of seaports and their dry ports.
Methodology
The GRA method is widely used for studying correlations of a system with the restriction of multiple factors. This method can well make up for data deficiencies and irregular data Discrete Dynamics in Nature and Society distribution without mathematical statistics, so that it can identify primary and secondary factors in the development course of things despite the incomplete and uncertain information. The grey correlation implies the degree of association between two elements. If their evolving trends are highly consistent, they have relatively high correlations, and vice versa.
Basic Framework of the Model Analysis.
The study framework of using the two-stage GRA method to assess the correlations between a seaport and its dry ports in this paper can be classified into three modules (see Figure 2 ). Module 1 is to build an indicator system to assess the correlations between a seaport and its dry ports and choose generally accepted indicators through collating relevant literature. Module 2 is to establish a method for the study, namely, the two-stage GRA method, by using Deng's correlation in the first stage to measure and calculate the overall correlations between a seaport and its dry ports, and the absolute correlation in the second stage to measure and calculate various specific indicators' correlations between a seaport and its dry ports. Module 3 is to analyze relevant values' correlations and put forward macropolicies after study results come out.
Main Steps for Model Formulation
Step 1 (assessment variables and definition of sequences). This paper reviewed recent academic papers concerning factors affecting the correlation between seaports and their dry ports. Assessment indicators were selected from two perspectives: seaport indicators and dry port indicators (see Figure 3 ). There are a total of two seaport indicators, namely, a port's cargo throughput and container throughput, the former referring to the loaded/unloaded cargo volume for waterborne transport at a port within a designated period of time, and the latter referring to the total number of incoming and outgoing containers at a port within a designated period of time. There are a total of seven dry port indicators for dry port assessment, namely, the regional GDP of a dry port's hinterland, the regional GDP of secondary industries, the regional GDP third industries, the total cargo imports, the total cargo exports, the total cargo volume for transport, and the cargo volume for railway transport. The annual import and export trade values of hinterland cities of a dry port and the cities' annual GDP can reflect the degree of economic development of the hinterland, while the economic power will directly or indirectly influence the region's commodity demand and cargo transport demand. Transport volume is an indicator of a collection, distribution, and transportation system which determines the convenience of a cargo collection and distribution port. When cargo collection and distribution are smooth, the cargo turnaround is short, which constitutes strong attractiveness to cargo sources.
The chosen indicators' literature source is as follows (see Table 1 ). And the definition of seaport sequence and dry port sequence are as follows: Step 2 (standardization of indicators). The evaluation indicators are normalized. The evaluation indicators have different dimensions and orders of magnitude. To remove the influence of dimensions, the original indicators are normalized. In this paper, mean value normalization preprocessing method was applied to evaluation indicators. The standardization of seaport sequence X is calculated using
where t ( ) is the standardization processing result, ( ) denotes the raw data, is mean of the same indicator values, and represents standard deviation. The same procedure may apply to dry port sequence D, and ( ) is the standardization processing result.
Step 3 (grey relational coefficient). The grey relational coefficient between the k indicator of the seaport and the j indicator of i dry port at the time point of t can be calculated by where ( ) represents the coefficient of xt(k) and dit(j) at the time point of t. is known as the distinguish coefficient. The value of ranges from 0 to 1, with the value generally taken as 0.5.
Step 4 (grey relational grade). After the calculation of the entire grey relational coefficient ( ), the grey relational grade can be calculated by
In (4), ( , ) is the grey relational grade between the seaport and i dry port.
Step 5 (starting-point annihilating values). The startingpoint annihilating value of k indicator of the seaport is calculated using
In (6), ( ) represents the starting-point annihilating values of the k indicator of the seaport at the time point of t. The same procedure may apply to j indicator of dry port, and ( ) is the starting-point annihilating values of j indicator of i dry port at the time point of t.
Step 6 (grey absolute correlation grade).
( ( ) , ( ))
Discrete Dynamics in Nature and Society 5 Seaport indicators
Port cargo throughput 10,000 tonnes
Container throughput 10,000 TEUs [3] [4] [5] [6] [7] [8] Dry port indicators
Regional GDP 100 million yuan [3, 5, 6, [8] [9] [10] [11] (2) Regional GDP of second industries 100 million yuan
Regional GDP of third industries 100 million yuan
Total cargo import value 10,000 US dollars
Total cargo export value 10,000 US dollars
Total cargo transport volume 10,000 tonnes
Railway transport volume 10,000 tonnes [4, 5, 7, 9, 12, 13] 6 Discrete Dynamics in Nature and Society In (7), ( ( ), ( )) is the grey absolute correlation grade between the k indicator of the seaport and j indicator of i dry port.
Step 7 (ranking the j indicator of dry port).
In (8), ( , ( )) represents the grey absolute correlation grade between the seaport and indicator j. Then the ranking of dry port indicator from results obtained from (8) could be performed.
Case Study
This section illustrates case studies on correlations between China's Xiamen Port and its six dry ports located in Fujian and Jiangxi provinces. Among them, Sanming and Longyan dry ports are located in central and southern areas of Fujian province, respectively, and the other four dry ports are all situated in Jiangxi province, Nanchang in northern Jiangxi, Ganzhou in southern Jiangxi, and Xinyu and Ji'an in central Jiangxi. Different from coastal seaports, the six dry ports are all in inland areas. Figure 4 . Being an important import and export port along China's southeastern coast, Xiamen Port is surrounded by hilly areas in southern Fujian and has very inconvenient road connections with its inland areas, and its business environment is further harshened by the competition from its neighboring seaports. In addition, the diversion of a large amount of its hinterland cargo sources also hinders the seaport's development. Therefore, it is imperative to establish dry ports as an effective measure to attract cargo sources. It can be seen from Figure 4 that Xiamen Port's six dry ports are nearly evenly distributed across Fujian and Jiangxi provinces, but there is no dry port capable of cargo collection and distribution in northwestern Fujian and northeastern Jiangxi in the neighboring district.
Descriptive Analysis of the Case Studied. The geographical location of Xiamen Port is shown in

Data Collection.
According to the assessment indicator system on correlations between Xiamen Port and its dry ports in Section 3, relevant data on Xiamen Port and its dry ports, including regional GDP, regional GDP of secondary and third industries, and cargo import and export values, was collected based on Fujian Statistical Yearbook and Jiangxi Statistical Yearbook as well as the official websites of statistical bureaus in various dry port cities. The collected data was mentioned in Section 3 from 2003 to 2014. We have selected these 12 year's data for the case study, with Y1 to Y12 representing 2003 to 2014, respectively. In order to obtain accurate statistical data for the seaport and its dry ports, the data was taken from almanacs and online information released directly by government authorities.
Gray Relational Analysis.
The grey relational analysis consists of Deng's correlation in Section 4.3.1 and absolute correlation in Section 4.3.2.
Grey Relational Correlation Grade Calculation.
Deng's correlation is used to assess the overall correlations between Xiamen Port and its dry ports. The paper takes Sanming Dry Port as an example to conduct step-by-step analysis based on Deng's correlation, and only final calculation results are given for other dry ports. We suppose the year 2003 corresponds to t = 1; then the follow-up sequential numbers of t represent its subsequent years. The raw data of various indicators for Xiamen Port and Sanming Dry Port from 2003 to 2014 is shown in Table 2 . First, use the above-mentioned Formula (2) for the nondimensionalization of the raw data, and the results are shown in Table 3 . Calculate the absolute values of the differences of all the corresponding indicators between Xiamen Port and Sanming Dry Port to get the maximum and minimum values, Δmax and Δmin (see Table 4 ). Enter the two values into Formula (3) and use Formula (4) to get the indicators' Deng's correlation between Xiamen Port and Sanming Dry Port, as shown in Table 5 .
Using the same method, we can get Deng's correlations for other five dry ports during the selected years.
The radar chart shows Deng's correlations between Xiamen Port and its dry ports from 2003 to 2014 (see Figure 5) . Xiamen Port had relatively strong correlations with its dry port-located hinterlands and, in some periods, their correlations showed short-time declines but maintained an increasing trend overall. With the seaport's transport network extending into inland areas, various seaports along southeastern coasts in Fujian province will introduce preferential policies to attract cargo sources, making the competition among dry ports for hinterland cargo sources even fiercer. Priority in development of dry ports with advantageous positions is a key for seaports to expand hinterland radiation and increase cargo sources.
Discrete Dynamics in Nature and Society 7 Table 2 : Raw data of Xiamen Port and Sanming Dry Port. Discrete Dynamics in Nature and Society 9 Through equalization of Deng's correlations between Xiamen Port and Sanming Dry Port from 2003 to 2014, the final correlation result is 0.77. We can use the same method to calculate Deng's correlations for other five dry ports, and the overall results are as shown in Table 6 . Figure 6 shows the histogram of six dry ports' Deng's correlations based on the data in Table 6 . There are obvious regional differences in correlations between Xiamen Port and its dry ports, namely, Xiamen Port's correlations with Sanming and Nanchang are above 0.75, while those with Xinyu, Ganzhou, Ji'an, and Longyan are between 0.65 and 0.75, lower than those of Sanming and Nanchang.
Grey Absolute Correlation Grade Calculation.
If we take dry ports' regional GDP and Xiamen Port's cargo transport volume as examples for the calculation of absolute correlation, it is necessary to comprehensively consider the overall conditions of the six dry ports from 2003 to 2014. Then we can calculate the absolute correlation between dry ports' regional GDP and Xiamen Port's container transport volume. The two sets of seaport cargo transport volume and container transport volume indicators mapped onto the six dry ports form 12 pieces of data, and the final results can be obtained by calculating the data's weighted averages, namely, the absolute correlation between dry ports' regional GDP and Table 7 : Raw data of Xiamen Port's cargo throughput and its dry ports' regional GDP.
xt (1) d1t (1) d2t (1) d3t (1) d4t (1) d5t (1) d6t (1 Xiamen Port's cargo transport volume. The same method can be used to process the six dry ports' other indicators. The raw data of Xiamen Port's cargo throughput and its six dry ports' regional GDP from 2003 to 2014 are shown in Table 7 , with i = 1, 2, . . . 6 representing Sanming, Longyan, Nanchang, Ganzhou, Xinyu, and Ji'an, respectively. Input the starting-point annihilating values (see Table 8 ) into Formula (7) and we can get the absolute correlations between Xiamen Port's cargo throughput and its dry ports' regional GDP, as shown in Table 9 .
Similarly, the absolute correlations between Xiamen Port's two indicators and its six dry ports' various indicators are shown in Table 10 .
According to Formula (8), the average values of the absolute correlations between Xiamen Port's indicators and its six dry ports' various indicators can be calculated, and the results are shown as follows (see Figure 7) .
All correlations between the seaport and its dry port indicators are greater than 0.60, meaning that the seaport and its dry ports have relatively strong correlations. The correlations of indicators representing economic power, including regional GDP, secondary industry GDP, and third industry GDP, are all above 0.80, far higher than other indicators' correlations with the seaport. Therefore, economic indicators become key factors boosting seaport development, implying that Xiamen Port should positively dedicate itself to economic infrastructure construction in its hinterland areas so as to promote fast economic development there, further expand commodity and cargo transport demands in these areas, and facilitate seaport growth. The hinterland economic indicators are more important for a seaport than the cargo transport volume indicator, indicating that a seaport should pay attention to regional economic construction instead of blindly multiplying cargo transport volumes.
Result Discussions and Policy Suggestion.
Conclusions can be drawn based on the calculation of different assessment indicators' correlations between the seaport and its dry ports in Section 4.3.
Deng's correlation results show that, among the six dry ports, Sanming and Nanchang dry ports have higher correlations with Xiamen Port, with their correlations higher than 0.75. This means that it is necessary to give priority to development of the two dry ports, such as taking Sanming and Nanchang as core logistics collection and distribution centers in Fujian and Jiangxi provinces, respectively, and accelerating infrastructure construction at the two dry ports, so as to facilitate cargo transport in these areas. But Sanming and Nanchang dry ports follow different development paths. According to the raw data, the railway cargo transport volume from Nanchang Dry Port to Xiamen Port was very low, only 1.82 million tonnes in 2014, one-fifth of that for Sanming. Therefore, it is necessary to accelerate the sea-railway combined transport construction between Xiamen Port and Nanchang Dry Port. Xiamen Port has lower correlations with the other four dry ports. Ganzhou and Ji'an dry ports have close cooperation with seaports including Huizhou and Shekou ports in Guangdong province, and the competition between those seaports and Xiamen Port for cargo sources is fierce. Among the six dry ports, Ji'an Port has the lowest total cargo transport volume and railway cargo transport volume, as shown in the raw data, namely, 54.57 million tonnes and 3.08 million tonnes, respectively, resulting in its lower correlation with Xiaman Port. Restricted by the Table 9 : Grey absolute correlations between Xiamen Port's cargo throughput and its dry ports' regional GDP. (1) ) were all far higher than US$1 billion, and Nanchang Dry Port even registered an average annual export value of US$3.6 billion. Xiamen Port is advised to launch preferential import and export policies to attract the lost cargo sources from areas including Ganzhou and Ji'an and carry out economic infrastructure construction in its hinterland areas where Xinyu and Longyan dry ports located to improve the poor economic strength and expand regional commodity and cargo transport demands. The absolute correlation results show that the correlations of economic-strength-representing indicators of dry ports with Xiamen Port, including regional GDP, secondary industry GDP, and third industry GDP, are all greater than 0.80, significantly higher than the correlations of dry ports' other indicators with Xiamen Port. Therefore, economic indicators become key factors boosting seaport development, and economic infrastructure construction in the hinterland areas where dry ports are located will effectively upgrade the seaport's comprehensive competitiveness. The correlations of dry ports' foreign trade import and export values with Xiamen Port are all lower than 0.70, which means that the less foreign trade activities in the six dry port areas led to these indicators' low correlations with Xiamen Port. With this regard, it is necessary to encourage dry port hinterland areas to promote foreign trade by introducing macropreferential foreign trade policies. The correlation of dry ports' total cargo transport volume indicator with Xiamen Port stands at 0.81, higher than their railway transport volume indicator's correlation of 0.67. Therefore, it is necessary to accelerate allocation of special cargo transport trains between Xiamen Port and its dry ports and expand railway transport capacity 14 Discrete Dynamics in Nature and Society xt (1) xt (2) xt (1) xt (2) xt (1) xt (2) xt (1) xt (2) xt (1) xt (2) xt (1) xt ( to enrich combined transport forms at Xiamen Port, so as to further promote the win-win cooperation between Xiamen Port and its dry ports.
Conclusions and Future Research
Dry ports not only expand a seaport's hinterland areas and increase its cargo sources, but also simplify import and export procedures. The smooth coordination between a seaport and its dry ports directly impacts the effective operation throughput the logistics supply chain. Driven by global economic integration and inland-oriented logistics services, the cooperation between seaports and their dry ports is getting increasingly close. Therefore, the study on the relevance between a seaport and its dry ports becomes crucial and their interactions deserve further improvements.
In the correlation study, it was difficult to conduct quantitative research because of the incomplete data for the classification of primary and secondary factors in the development of a seaport and its dry ports as well as various factors' roles in the system. The GRA method makes up for the above-mentioned deficiencies just right, as the GRA method is applicable when only a small number of irregular samples are available. This has unique advantages in the study on the correlations between a seaport and its dry ports. This paper is structured based on the GRA method to fully verify the higher correlations between a seaport and its dry ports, which has provided a basis for reaching the conclusions in the paper.
According to our research results, the following is a summary of relevant conclusions. There are generally strong correlations between Xiamen Port and the economic hinterlands where its dry ports are located, but the dry ports have evident regional differences. The correlations of dry ports' economic indicators with Xiamen Port are higher than those of cargo transport volume indicators, making economic indicators the key factors driving fast development of the seaport. With regard to the issues arising in interactions between the seaport and its dry ports, we suggest Xiamen Port maintain existing cargo sources through preferential foreign trade policies and encourage its inland regions to carry out foreign trade activities and accelerate sea-railway combined transport construction. The paper has made contributions in three aspects: (1) build an assessment indicator system on correlations between a seaport and its dry ports, which can provide a basis for relevant studies, (2) adopt the GRA method to study correlations between a seaport and its dry ports, which can avoid the deficiencies of mathematical statistics, and (3) put forward policies on joint development of a seaport and its dry ports.
Based on this study, it is necessary to constantly improve research on correlations between a seaport and its dry ports, and the following studies are expected in the future: (1) expand the assessment indicator system on correlations between a seaport and its dry ports to include more variables, (2) analyze other correlations through the GRA method in addition to Deng's correlation and absolute correlation, and (3) investigate the industry and policies to offer bases for studying the roles of the correlations between a seaport and its dry ports.
Data Availability
The data used to support the findings of this study are available from the corresponding author upon request.
